To date, more than 7300 in situ stress orientations have been compiled as part of the World Stress Map project. Of these, over 4400 are considered reliable tectonic stress indicators, recording horizontal stress orientations to within <_+25 ø . Remarkably good correlation is observed between stress orientations deduced from in situ stress measurements and geologic observations made in the upper 1-2 km, well bore breakouts extending to 4-5 km depth and earthquake focal mechanisms to depths of-20 km. Regionally uniform stress orientations and relative magnitudes permit definition of broad-scale regional stress patterns often extending 20-200 times the approximately 20-25 km thickness of the upper brittle lithosphere. The "first-order" midplate stress fields are believed to be largely the result of compressional forces applied at plate boundaries, primarily ridge push and continental collision. The orientation of the intraplate stress field is thus largely controlled by the geometry of the plate boundaries. There is no evidence of large lateral stress gradients (as evidenced by lateral variations in stress regime) which would be expected across large plates if simple resistive or driving basal drag tractions (parallel or antiparallel to absolute motion) controlled the intraplate stress field. Intraplate areas of active extension are generally associated with regions of high topography: western U.S. Cordillera, high Andes, Tibetan plateau, western Indian Ocean plateau. Buoyancy stresses related to crustal thickening and/or lithospheric thinning in these regions dominate the intraplate compressional stress field due to plate-driving forces. These buoyancy forces are just one of several categories of "second-order" stresses, or local perturbations, that can be identified once the first-order stress patterns are recognized. These second-order stress fields can often be associated with specific geologic or tectonic features, for example, lithospheric flexure, lateral strength contrasts, as well as the lateral density contrasts which give rise to buoyancy forces. These second-order stress patterns typically have wavelengths ranging from 5 to 10+ times the thickness of the brittle upper lithosphere. A two-dimensional analysis of the amount of rotation of regional horizontal stress orientations due to a superimposed local stress constrains the ratio of the magnitude of the horizontal regional stress differences to the local uniaxial stress. For a detectable rotation of 15 ø, the local horizontal uniaxial stress must be at least twice the magnitude of the regional horizontal stress differences. Examples of local rotations of S Hmax orientations include a 750-85 ø rotation on the northeastern Canadian continental shelf possibly related to margin-normal extension derived from sediment-loading flexural stresses, a 50ø-60 ø rotation within the East African rift relative to western Africa due to extensional buoyancy forces caused by lithospheric thinning, and an approximately 90 ø rotation along the northern margin of the Paleozoic Amazonas rift in central Brazil. In this final example, this rotation is hypothesized as being due to deviatoric compression oriented normal to the rift axis resulting from local lithospheric support of a dense mass in the lower crust beneath the rift ("rift pillow"). Estimates of the magnitudes of first-order (plate boundary force-derived) regional stress differences computed from modeling the source of observed local stress rotations magnitudes can be compared with regional stress differences based on the frictional strength of the crust (i.e., "Byedee' s law") assuming hydrostatic pore pressure. The examples given here are too few to provide a definitive evaluation of the direct applicability of Byerlee's law to the upper brittle part of the lithosphere, particularly in view of uncertainties such as pore pressure and relative magnitude of the intermediate principal stresses. Nonetheless, the observed rotations all indicate that the magnitude of the local horizontal uniaxial stresses must be 1-2.5+ times the magnitude of the regional first-order horizontal stress differences and suggest that careful evaluation of such local rotations may be a powerful technique for constraining the in situ magnitude stress differences in the upper, brittle part of the lithosphere.
INTRODUCTION
The World Stress Map (WSM) project is a global cooperative effort to compile and interpret data on the orientation and relative magnitudes of the contemporary in situ tectonic stress field in the Earth's lithosphere. The project was initiated in 1986 under the auspices of the International Lithosphere Program and currently involves over 30 scientists from more than 18 different countries (Table 1) who have been directly responsible for systematic compilation of the available stress data in the geographic regions indicated. To date, over 7300 data points have been compiled in a This paper is not subject to U.S. copyright. Published in 1992 by the American Geophysical Union.
Paper number 92JB00132. digital data base. The focus of this effort has been to characterize the intraplate or midplate stress field (i.e., the state of stress within the plates) rather than the details and complexities within and along the plate boundaries, where the overall kinematics and deformation are generally well known.
Preliminary results of the WSM global stress compilation were reported by Zoback et al. [1989] and corroborated findings of numerous regional compilations of in situ stress and focal mechanism data and indicated that broad regions within the interior of many plates are characterized by uniformally oriented (___ 15 ø) horizontal stresses. These relatively uniform midplate stress orientations are documented in continental regions over distances up to 5000 km. Correlations between regional intraplate stress orientations and magnitude exist at a variety of scales. These variations may be due to a variety of forces acting on the lithosphere: buoyancy and flexure forces on the broad wavelength end (100-5000+ km, depending on the size of the load) to thermal, topographic, and other site specific effects on the very short wavelength end (<1 km).
The purpose of this paper is multifold. First, it serves as an introduction to the other papers in this special section, presenting the current status of the global compilation effort including a summary description of stress indicators and the philosophy behind the quality ranking scheme. By agreement, the methodology and stress indicators used in the World Stress Map (WSM) project are discussed here and not given in detail in each of the individual papers. Second, this paper describes the general characteristics of the data set and provides an overview of both first-and second-order broad-scale stress patterns identified in the data. These patterns are described in terms of the constraints that they place on the relative importance and magnitude of forces acting on and within the lithosphere and also on their relationship to structure of the lithosphere. Finally, this paper develops a methodology to utilize rotations of the maximum horizontal stress due to local geologic and tectonic structures to constrain regional horizontal stress magnitude differences. This analysis serves as an example of how stress orientation data compiled in the WSM may be exploited in the future to constrain in situ stress magnitudes at seismogenic depths.
The accompanying papers in this special section focus on three main subjects: interpretation of the stress data contained in the data base; the relationship of the stress field to the tectonics and structure of individual regions; and utilization of the stress data to constrain geodynamic problems, including the relative and absolute magnitudes of plate tectonic forces and the forces responsible for intraplate deformation.
WORLD STRESS MAP DATA BASE
The current version of the global stress data base is shown on a page size map in Figure 1 and on a large size color map in Plate 1 (separate folded map). On both maps the maximum horizontal stress (SHEax) orientations derived from all the different stress measurement techniques described below are plotted on a background of average topography. All of the stress data are compiled in a digital data base which is available on floppy diskettes through World Data Center A at the National Geophysical Data Center in Boulder, Colorado. The data format is fairly complex because we have tried to standardize and tabulate the maximum amount of information from a wide variety of data types. We have tried to retain all information pertinent to stress orientation (number of determinations, mean, standard deviation, and depth range); however, by necessity, our data base is not complete for all types of data. In particular, detailed stress magnitude information (e.g., individual stress determinations in a single well) is not compiled; only the values at maximum depth or a gradient determination are given. However, in cases where there is a clear change in stress orientation with depth, both the shallow information and deep stress orientation information are included in the data base; in general, the deeper information is given a higher-quality ranking.
It is important to note that the WSM data base complements a number of regional data compilations which in many cases are more complete. The reader is referred to these regional data bases for additional information: Canadian crustal stress data base (all data types) [Adams, 1987] 
Stress Indicators and Quality Ranking
Six types of geological and geophysical data in four different categories are used to infer tectonic stress information: earthquake focal mechanisms, well bore breakouts, in situ stress measurements (hydraulic fracturing and overcoring), and young geologic data including fault slip and volcanic alignments. The assumptions, difficulties, and uncertainties of inferring in situ stress orientations from these different indicators have been discussed in detail previously [Zoback and Zoback, 1980; Zoback et al., 1989; . It should be stated at the outset that the age of "young" geologic data is generally Quaternary. In some regions of active tectonism, recent changes in stress orientation and style of faulting have been proposed in PlioceneQuaternary time on the basis of paleostress analysis primarily utilizing fault slip data (e.g., see Mercier A quality ranking scheme was developed by Zoback and Zoback [ 1989] to assess how reliably an individual data point records the tectonic stress field and also to permit comparison of orientations inferred from very different types of information.
A detailed discussion of the rationale and criteria for assigning quality to data derived from different types of indicators is given by Zoback and Zoback [1991] .
The reader is referred to Zoback and Zoback [ 1991 ] for much of the basic theory and limitations associated with the application of the various stress measurement techniques as this information is not repeated below. Five qualities are used in ranking the data, A>B>C>D, and E. The quality ranking scheme is given in Table 2 and is identical to that of Zoback and Zoback [1989] and with the addition of the E quality category described below indicating analyzed data that contain no useful stress orientation information. Table 2 , the ranking criteria include accuracy of the measurements, the number of determinations, the depth interval and volume of rock sampled, and the general reliability of the particular method as a tectonic (as opposed to local) stress indicator (based primarily on the rock volume sampled). For stress directions inferred from earthquake focal mechanisms a magnitude cutoff is also used in the ranking, with the higher-quality ranking assigned to the larger earthquakes. The available evidence from the orientation of fault planes observed in the field as well as inferred from earthquake focal mechanisms, attitude of dikes, and deep in situ stress measurements suggests that the principal stress field in the lithosphere lies in approximately horizontal and vertical planes [e.g., Anderson, 1951; McGarr and Gay, 1978 ; Zoback and Zoback, 1980] . We assume then that the orientation of the in situ stress tensor can thus be approximated from the maximum horizontal stress (SHmax) azimuth. The A quality data described in Table 2 however, in many other cases they contribute a great deal of scatter to the regional picture. Therefore we have adopted rather conservative criteria for our compilation, preferring to possibly downgrade some "good" data rather than trying to plot every piece of information collected in a region. In a few cases, data are upgraded in quality by the investigator who collected them for specific circumstances not adequately accounted for in the general quality ranking table. For example, the mean stress direction inferred from breakouts in two or more wells in close proximity may be given a higher quality than would be strictly indicated by the total breakout length; the rationale being that multiple, consistent orientations in different depth intervals in adjacent wells are a significant observation. In nearly all cases the reason for the quality upgrade is noted in the comments accompanying the data in the data base.
As indicated in
Data in the fifth quality category, "E", have been analyzed and found to yield no reliable information regarding principal stress orientations. Examples of this type of information are given in Table 2 . There are at least two good reasons for including these data in the data base. Sometimes extreme scatter and the lack of consistent stress orientations in a given well or at a given locality may be a very valuable piece of information regarding the local state of stress; for example, the stress field may be locally horizontally isotropic and the effects due to small-scale perturbations of the stress field due to presence of fracturing or interacting faults may dominate. Furthermore, the E category is useful for record-keeping purposes; for example, if data from a particular hole, region, or earthquake have been examined once, it is helpful to know that that examination yielded no useable information. Generally, statements in comments accompanying each entry in the data base indicate the problem, for example, "well-log quality was too poor to be read or interpreted." In general, there are many gaps in E entries; since they yield no useful stress orientation information, they have not been systematically compiled.
As mentioned above, the limitations associated with the various types of stress indicators and the evaluation criteria for assigning quality were developed previously and are only summarized below. The distribution of the data by type of indicator is shown in Figure 2a . Note that here and throughout the paper statistics are done on only the "reliable" (A-C) quality data. Earthquake focal mechanisms. As shown in Figure 2a , the focal mechanism data are by far the most abundant in the data set (54%) and provide valuable information on the relative magnitudes of the principal stresses. However, most focal mechanism data are B or C quality data (see Table 2 ) since P and T axes for an individual earthquake may differ significantly from the actual stress orientations producing the slip [e.g., McKenzie, 1969] . For that reason, no singleevent focal mechanism is given an A quality, regardless of how well-constrained that mechanism might be or the magnitude of the event. Mean best fitting deviatoric stress tensors or geometrically determined mean directions of P and T axes for focal mechanisms from a single source region are assigned an A quality since these mean directions or inversion results approximate quite well the regional stress field as represented by independent data [e.g., Michael, 1987; .
Qualities are based in part on how well the mechanism is constrained (generally determined by investigator constructing the focal mechanism) and also based on earthquake magnitude as an indication of the volume of rock sampled and the amount of strain released. Very small magnitude events (m < 2.5) are assigned a D quality. Even if the focal mechanisms for these events are reliable, these earthquakes may represent deformation due to the complex interaction of active faults rather than deformation in response to the regional stress field. This is often the case for aftershocks; hence only main shock mechanisms are compiled.
Well to obtain deviatoric stress tensors, which are often close to the P and T axes of best fitting "composite" mechanisms. This inversion method holds much promise for obtaining additional regional stress data since it bypasses the need to invert individual fault planes from what may be relatively poorly constrained individual focal mechanisms. The focal mechanism data provide valuable information on stress regime or relative magnitudes of the principal stresses. As described below, stress regime (or style of faulting) is defined on a set of criteria using the plunge of P, B, and T axes. The analysis technique was first described by Cox [1970] , and his initial analyses were extended to a greater number of wells by Babcock [1978] . Bell and Gough [1979] were the first to interpret these features as a stress-related phenomenon. Techniques for identification and interpretation of well bore breakouts have been described in numerous publications (see Bell [1990] Table 2 which are based both on the number and consistency of alignments within a given field.
However, a measurement technique called the Hydraulic Tests on Preexisting
A potential drawback with this technique is that nearsurface intrusions can sometimes utilize preexisting joint sets [Delaney et al., 1986 ]. However, as Delaney et al. indicate, these joint sets must strike nearly perpendicular to the current Shrnin direction to accommodate the intrusion, so that errors in using dike orientation are likely to be small. An exception to this would be the case when the two horizontal stresses are approximately in magnitude, a condition with the general regional consistency of stress orientations in the WSM data base argues against as being common.
"Overcoring" stress measurements. Included in this category are a variety of stress or strain relief measurement techniques (see summary of these techniques by McGarr and Gay [1978] and a detailed summary by Engelder [1992] ). These techniques involve three-dimensional measurement of the strain relief in a body of rock when isolated from the surrounding rock volume; the three-dimensional stress tensor can subsequently be calculated with knowledge of the complete compliance tensor for the rock. There are two primary drawbacks with this technique which restrict its usefulness as a tectonic stress indicator: measurements must be made near a free surface, and strain relief is determined over very small areas (a few square millimeters to square centimeters). Furthermore, near-surface measurements (by far the most common) have been shown to be subject to effects of local topography, rock anisotropy, and natural fracturing [Engelder and Sbar, 1984] . In addition, many of these measurements have been made for specific engineering applications (e.g., dam site evaluation, mining work), places where topography, fracturing, or nearby excavations could strongly perturb the regional stress field.
For all of the above reasons we have adopted a conservative quality ranking criterion to evaluate overcoring data. In cases where information is not available on the local site conditions we have assigned these data D quality (a large number of overcoring data in China and Korea fall into this category). In Fennoscandia, overcoring data believed to be There have been a number of shallow overcoring measurements carried out specifically to investigate the regional stress field. In these cases, care was taken to avoid sites with nearby topography and/or extensive joint or fracture systems, and depths were believed sufficient to avoid thermal effects. A summary of such measurements made in western Europe is presented by Becker and Paladini [1991] . As indicated in Table 2 , these well-controlled near-surface measurements (depths generally between 5 and 10 m) were assigned a C quality.
Relative Stress Magnitudes and Determination of Stress Regimes
While meaningful absolute stress magnitude information (made at depths > 100 m) was available for only about 4% of the data in the data base (1.1% from shallow overcoring measurements and 3.1% from hydrofracs), information on relative stress magnitudes or stress regime could be inferred from the more numerous focal mechanism and fault slip data. In addition, an extensional stress regime was assigned to volcanic alignment data in the western United States and in Mexico on the basis of Quaternary normal faulting associated with these young basaltic volcanic fields.
Throughout this paper, stress magnitudes are defined using the standard geologic/geophysical notation with compressive stresses positive, so that S• > S2 > S3 indicates that S• is the maximum principal compressive stress and S 3 is the minimum principal compressive stresses. For the WSM data base we have used plunges of measured S1, S2, S3 axes or P, T, and B axes to divide the data into five main stress regime categories. In addition, an unknown category is used when the data provide no information about relative stress magnitudes (e.g., well bore breakout data). The stress regime categories include normal faulting (NF), predominately normal with strike-slip component (NS),
strike-slip faulting (includes minor normal or thrust component) (SS), thrust faulting (TF), predominately thrust with strike-slip component (TS), and unknown (U). The cutoff values for plunges of P, T, and B axes (or S•, S2, and S3)
for these various categories are given in Table 3 P and B axes, and similarly, TS is distinguished from SS by the fact that the minimum stress or T axis is the steeper plunging of the B and T axes (see Table 3 ).
Plunges of axes of some of the data fall outside of the ranges defined in Table 3 . When the differences were only a few degrees, these data were inspected individually and assigned to the most appropriate category. However, a number of mechanisms, notably for smaller and often less well constrained focal mechanisms, had P, B, and T axes which did not fit at all into the defined categories. The anomalous mechanisms fell in two main groups: (1) all three axes have moderate plunges (between 25 ø and 45 ø ) or (2) both P and T axes have nearly identical plunges, in the range of 400-50 ø . In both cases it is difficult to infer the true maximum and minimum horizontal stress azimuths. These data points may represent deformation due to principal stress fields tilted out of horizontal and vertical planes. The data which fell into this category compose less than 2% of all focal mechanisms and were assigned an U (unknown) stress regime and given an E quality, indicating that the maximum horizontal stress azimuth was not well defined.
General Characteristics of the Data Base
As of December 1991, 7328 stress data were compiled as part of the World Stress Map project, 1141 of these were E quality with no reliable information on stress information. Of the remaining 6214 entries, 4413 are considered to yield reliable information on tectonic stress orientations (A-C quality) and are plotted on Figure 1 and on the large, folded color map (Plate 1). As mentioned above, the distribution of the data in the data base by stress measurement technique is shown in Figure 2a . Figure 2b gives the depth distribution of the A-C quality data: the geologic and in situ stress measurement data are generally restricted to the surface or very near surface (less than 1-2 km depth), earthquake focal mechanisms provide coverage for depths between about 5 and 20 km, and well bore breakout data (which come primarily from petroleum exploration wells) commonly sample 1-4 km deep and in some cases as deep as 5-6 km, providing a valuable link between the near-surface and the focal mechanism data. It is also important to note that the breakout and in situ stress measurement data provide valuable information on the stress field in nonactive (nonseismic regions).
As can be seen on Table 2 are resulting in consistent determinations of the tectonic stress field despite the different volumes of rock and different depth intervals sampled.
FIRST-ORDER GLOBAL STRESS PATTERNS
In addition to stress orientations, relative stress magnitudes (stress regimes) are indicated on Plate 1 using the following definitions: extensional stress regime (Sv > SHmax > S h) (normal dip slip), includes categories NF and NS (rakes generally >50ø); strike-slip stress regime (SHmax > S v > $h) (dominant horizontal slip), SS category (rakes generally >40ø); and thrust stress regime (SHmax > S h > S v) (reverse dip slip), includes categories TF and TS (rakes generally >50ø).
The data shown in Figure 1 The broad regions of the Earth's crust subjected to uniform stress orientation or a uniform pattern of stress orientation (such as the radial pattern of stress orientations in China) are referred to in this paper as "first-order" stress provinces. These regions and the stress orientation patterns are briefly summarized plate by plate in Table 4 , which also serves as a guide to the generalized map shown in Figure 4 .
The most recent references for detailed descriptions of the regional stress fields are also given in Table 4 .
Some regional stress patterns listed in Table 4 By contrast, as can be seen on Figure 1 and Plate 1, the extents of some regions of relatively uniform SHmax orientation are enormous. The region of uniform ENE S Hmax orientation in midplate North American covers nearly the entire continental portion of the plate lying at an average elevation of less than 1000 m (excluding the west coast) and may also extend across much of the western Atlantic basin [Zoback et al., 1986] . Thus here the stress field is uniform over roughly 5000 km in both an E-W direction and a N-S direction. In western Europe the region of relatively uniform NW S Hmax orientation extends over 1500 km in an E-W direction and about 2200 km in a N-S direction. Table 4 also includes a summary of the results of this finite element modeling of the intraplate stress field by various investigators (many included in this special section) and provides an assessment of the relative role of the various plate tectonic forces in determining the intraplate stress field, based on the correlations with observed orientations and relative magnitudes as well as the modeling results.
The first-order stress patterns shown in Figure 4 and described in Table 4 provide constraints on the relative importance of various broad-scale sources of stress acting on the lithosphere:
1. The orientation of midplate compressive stress field can be explained largely as a function of the applied compressive plate boundary forces (primarily resulting from ridge push and continental collision) and the geometry of the plate boundaries that these forces act on. The effects of forces are felt thousands of kilometers from the actual plate boundary probably due in part to the lateral variations in density/lithospheric structure associated with these boundaries, particularly the ridge push force which results from thickening of oceanic lithosphere with age.
2. Horizontal extensional stresses induced by buoyancy in regions of high elevation locally dominate the midplate compression generated by plate boundary forces.
3. It is difficult to evaluate the role of drag using stress orientation data alone since for most plates, absolute velocity and ridge push torque poles are nearly identical [ 
INFERRING CRUSTAL STRESS MAGNITUDES FROM STRESS ROTATIONS
The WSM data base offers the possibility to infer stress magnitudes using local stress rotations (relative to "regional" first-order stress orientations) resulting from stresses caused by specific geologic and tectonic features. The amount of rotation constrains the magnitude of local stresses relative to regional stress differences as has been discussed previously by Sonder [1990 system and the local structure as well as on the the relative magnitudes of the regional and local stress. Following Sonder [1990] and as shown in Figure 5 , we define a reference coordinate system x, y, z which coincides with the regional principal stress directions. Assuming that the regional stress field lies in horizontal and vertical planes, the S Hmax direction corresponds to the x axis, Shmin coincides with the y axis, and the z axis is vertical downward. The local stress field due to a long structure of arbitrary orientation is defined in a x', y', z coordinate system, where x' is the strike of structure and y' is the orientation of normal, uniaxial stress. The magnitude of the local horizontal deviatoric stress is crL: cr x, = 0, •ry, -•rL (the local structure is assumed to be long enough that variations in stress in the x' direction can be ignored). In the case of local buoyancy forces, a vertical deviatoric stress of equivalent magnitude to the horizontal stress but opposite in sign will also be produced: •r z = -•rt.. This vertical stress does not cause horizontal stress rotations but can change the relative stress magnitudes (stress regime), as discussed below. Note that compression is assumed positive in this paper; thus •r/• is negative for a deviatoric extensional stress and positive for a deviatoric compressive stress (opposite of the convention of Sonder [ 1990] ).
The potential horizontal stress rotations due to a local horizontal deviatoric compression or extension can be evaluated using simple tensor transformation in the horizontal plane. The shear and normal stresses due to the local stress source in the reference coordinate system are given by [e.g., Jaeger and Cook, 1979 Equation (8) is plotted in Figure 6 , the amount of horizontal stress rotation (7) Figure 6 are valid for all regional stress states. Because the amount of rotation is inversely proportional to the difference of the two horizontal stress magnitudes, the larger the horizontal stress difference, the smaller the rotation (all other factors being equal). In a strike-slip faulting stress regime where S] = SHmax and S3 = Shmin, one can expect the largest horizontal stress differences (SHmax --Shmin) = (Sl --53). By contrast, for a regional thrust or normal faulting regime the horizontal stress differences (SHmax --S hmin) are smaller (equivalent to (S] -S2) or (S2 -S 3), respectively); therefore the expected rotation in a thrust or normal faulting stress regime due to local superimposed stress would be larger than that in the strikeslip regime. For the case in which S2 lies exactly halfway between S ] and S 3 in magnitude (qb = 0.5, where qb = (S 2 --S3)/(S• -S3), the so-called "stress deviator" [Angelier, 1979] ), the corresponding rotation in a thrust or normal regime due to an equivalent local stress would be twice that in a strike-slip faulting regime.
Equation (8) and
As noted above, in addition to rotating the principal stress field, the superposition of the local stress also influences the relative magnitudes of the stresses and can result in a change in the magnitude of one or both of the horizontal stress magnitudes relative to the vertical stress (hence a change in relative stress magnitudes or stress regime). Sonder [1990] considered deviatoric stresses (normalized with respect to the vertical stress) and computed the resultant stress regime for a superimposed local buoyancy force with both a horizontal (trr) and vertical (-trr) component. The resultant stress regime is a function of both the ratio of the magnitude of the regional to local stress and the strike of the local structure relative to the regional stress field. Her calculations for a strike-slip reference stress state are replotted in Figure 7 Note that in Figure 6 because the rift structure is parallel to the regional SHmax direction (0 = 0 ø) and the observed rotation is about 90 ø (•, = 90ø), the only real constraint on (SHmax --Shmin)/rr L is that the ratio must be >1.0 (corresponding to the discontinuity in the curves discussed previously). This implies that the regional horizontal stress differ- Thus the stress field with its regional uniformity within an enormously complex, inhomogeneous, and anisotropic lithosphere appears to be a fundamental observation. This observation is very strong evidence for a lithospheric stress state strongly dependent on the contemporary forces applied along the boundaries of the plates. Residual stresses from past orogenic events to not appear to contribute in any substantial way to the modern stress field.
CONCLUSIONS
Over 4400 reliable data on tectonic stress orientations in the upper brittle part of the lithosphere have been compiled globally. Consistency between shallow, near-surface stress orientations and those inferred at depth from earthquake focal mechanisms indicates a relatively uniform stress field throughout the brittle part of the crust. The data also indicate broad regions (up to 5000 km long on a side) of uniform stress orientation and relative magnitude within the interior portions of many plates. The orientation and general compressional nature of many of these "first-order" stress patterns indicate that these midplate stress fields are largely the result of compressional plate-driving forces, primarily those of ridge push and continental collision, acting on plate geometry. The far-reaching effects of these forces, particularly ridge push, are probably related to the broad-scale lateral density anomalies associated the plate boundaries. The role of slab pull forces related to subduction zones is more difficult to evaluate because there are few stress data in the oceans. However, compressional deformation observed for all focal mechanisms in old oceans suggests that midplate compression dominates any extensional slab pull forces [Wiens and Stein, 1985] .
The influence of drag on the midplate stress field cannot be evaluated using orientations alone since the ridge push torque poles are very similar to the absolute motion poles for most plates [Richardson, [Zoback, 1991] . In addition, the large scatter of stress orientations in Australia and the poor correlation between SHmax and absolute motion directions particularly in the southeastern and southwestern parts of this old, cold, and fast moving continent suggest that simple driving or resisting drag is not a dominant force affecting the intraplate stress field. More complex models of drag related to convection patterns inferred from mantle mass anomalies are just now becoming possible [see Bai et al., this issue]. However, because plate tectonics represents the uppermost part of the Earth's convection system, the intraplate stress field ultimately has its origin in convection system in the Earth's mantle.
Recognition of the broad-scale "first-order" stress patterns derived primarily from plate driving forces allows identification of local stress perturbations related to known geologic or tectonic features. Buoyancy forces related to crustal thickening and/or lithospheric thinning are probably responsible for some of the largest of these perturbations. Intraplate areas of active extension are generally associated with regions of high topography: western U.S. Cordillera, high Andes, Tibetan plateau, and also the western Indian Ocean plateau (however, extension here has also been explained in terms of slab pull-induced extension [Stein et al., 1987] and thermoelastic stresses [Bergman, 1986; Bergman et al., 1984] . In these regions, buoyancy-derived extensional stresses dominate the intraplate compressional stress field and indicate that buoyancy forces derived from lateral variations in crust and upper mantle structure supporting topography can be on the same order of magnitude as plate-driving forces, a conclusion reached independently by direct calculation of these forces [e.g., England and Molnar, 1991].
Other sources of local perturbations or second-order stress fields include flexural stresses, smaller-scale lateral density contrasts, and lateral variations in crustal strength.
Often these local features result in a rotation of the horizontal stresses. A two-dimensional analysis of the amount of rotation of regional horizontal stress orientations due to a superimposed local horizontal uniaxial stress constrains the ratio of the horizontal regional stress differences to the local uniaxial stress. For a detectable rotation of 15 ø, the local horizontal uniaxial stress (rr L) must be at least half the magnitude of the regional horizontal stress differences (rr L = 0.5(SHmax --S hmin)). In thrust or normal faulting stress regimes, the horizontal component of the regional stress differences would be less than that in the strike-slip faulting Estimates of regional stress differences determined from modeling the source of local stress rotations can be compared with regional stress magnitudes computed using Byerlee's law to test the applicability of this law to the upper brittle lithosphere. The examples of superimposed local stresses analyzed here (extensional flexural stresses on the NE Canadian margin, buoyancy-related stresses in the East African and Amazonas rifts) are too few to provide a definitive evaluation of the direct applicability of Byerlee's law, particularly in view of uncertainties in pore pressure and relative magnitudes of the intermediate principal stresses. Nonetheless, the observed rotations all indicate that the magnitude of the local deviatoric stresses must be 1.0 to at least 2.5 times the first-order regional horizontal stress differences in the crust which are believed to be derived primarily from plate-driving forces. These few examples do demonstrate that careful evaluation of such local rotations is potentially a very useful technique for constraining the magnitude of deviatoric stresses in the upper brittle part of the lithosphere, particularly at depths below which direct measurements of stress magnitude may be possible. without the hard work and willing cooperation of a large number of individuals; all of the scientists listed in Table 1 
